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Crystal structure of botulinum neurotoxin 
type A and implications for toxicity 

D. Borden Lacy 1 , William Tepp 2 , AlonaC. Cohen 1 , Hbhuti R DasGupta 2 and Raymond C. Sevens 1 

Botulinum neurotoxin type A (BoNT/A) is the potent disease agent in botulism, a potential biological weapon 
and an effective therapeutic drug for involuntary musde disorders. The crystal structure of the entire 1,285 amino 
acid di-chain neurotoxin was determined at 3.3 A resolution. The structure revealsthat the translocation domain 
contains a central pair of a-heliees1Q5 A long and a -50 residue loop or belt that wraps around the catalytic 
domain. This belt partially occludes a large channel leading to a buried, negative active site — a feature that calls 
for radically different inhibitor design strategies from those currently used. The fold of the translocation domain 
suggests a mechanism of pore formation different from other toxins. Lastly, the toxin appearsasa hybrid of 
varied structural mot if sand suggests a modular assembly of functional subunitsto yield pathogenesis. 
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130 A and show s a linear arrangement of the three functional 
domains with no contact between the catalytic and. binding 
domains (Fig. 2). In general, the three functional domains are 
also structurally distinct. The exception is an unusual loop, or 
belt, from what has historically been considered part of the 
translocation domain, thai wraps around the perimeter of the 
catalytic domain. 
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The first step in the intoxication mechanism is a 
binding event between the binding domain and the 
pre-synaplic nerve ending. The interaction with 
BoNT/A is proposed to occur through both a poly- 
sialoganglioside iG [: , r „ or G lxt ) and a yet unidentified 
protein receptor 5 '• The pntat ive ganglioside binding 
site for tetanus neutotoxin. as assessed by photo- 
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mechanism of evolution in which stable functional domains 
are assembled as modular i\ giving rise to toxicity 

Pore-formation and translocation domain 
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Tabic- 1 Structure determination statistics 
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the translocation domain of BoNT/A is structurally distinct 
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Hi- final mechanistic tap in toxicity i ; lie cleavage of a pie- 
synaptic protein by the BoNT zinc protease catalytic domain. 
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lure identifies ( -in 26! a ; the f tirth ligand, aid ma\ help resolve 
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Catalytic domain 

Either within tire acidic endosorne or upon exposure to the 
cytosoi following translocation, the disulfide bond connecting 
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translocation domain. 



residue is ~5 A from the zinc (OH-Zn.) and is more likely to be 
involved in secondary bonding networks or interaction with 
substrate. ADali search 3 shows lh.it the proteins with the most 
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(ihyt, Z = 4.6) and leishmanolysin (11ml, Z - 2.4), two other 
zinc proteases with the same conserved HEXXH sequence. The 
structural similarities are limited, however, to the helix contain- 
ing the HEXXH sequence and a four -stranded p- sheet buttress- 
ing the helix. Beyond this overlap, the BoNT/' A catalytic domain 
has different secondary structure elements and connect tvities. 

The catalytic domain of BoNT/ A is highly specific for the 
C- terminus of SNAP- 25 and appears to require a minimum of 
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Methods 

Crystals were grown as described 28 , 
liquor of 150 mM magnesium acetats 
tris-HQ pH 7. The crystals contain c 
unit and are in space group P3-21 (a = 
a solvent content of 70%. Derivativ 
crystalsin: 1 mM potassium tstrachlor 



images using i° oscillations before showing signsof radiation dam- 
age. Taking advantage of the high symmetry and the ability to 
translate ba sti datdsetsfobe 
collected from a few crystals 'Ml c - th DENZC 
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mosaicity as the 1 
used tor scaling ine da;a sets and locating the neavyatom sessions. 
Patterson mapswere viewed with XCONTTJff 1 . MLPHAFfg^wasused 
for heavy-aiom position r&finemer ulation Phases 

were extended to 3.6 A and ■ mp~o»> ' en ng and his- 

togram mstchmg nsma the program Dtyp- The model wastuult to 
3.8 A resolution using the pi grain O and then as more data was 
collected, extended to 3 3 A idapsvyere improved with phase com- 
bination using 3GMAA-. Cycles of rebmlding positional refine- 
ment, and simulated anneo i a i PI ^ Ffh 5 *ere continued until 
convergence. Excellent electron density exists throughout the 
model and 59 : ol the amino a Ids % yre dor.tie Not surprssingiy the 
two ill-defined regions of the structure are the site of proteolytic 
cleavage between trie two chamsand m a surface loop immediately 
following His 560 ol the translocation domain. 
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